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© Electrical safety barriers. 



© A shunt-diode safety barrier for use with an 
unregulated voltage power supply and comprising 
shunt diodes and one or more fusible components 
provides overvolt protection by incorporating a 
current-limiting circuit arranged so that the or at least 
one of the fusible components is protected against 
applied voltages greater than the normal maximum 
working voltage. The barrier can be designed to 
operate as a 1 -channel barrier or as a 2-channel 
barrier. The barrier components can be protected 
from overheating by the inclusion of a Zener diode 

(^to operate in conjunction with the fusible component 

^or components. 
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ELECTRICAL SAFETY BARRIERS 



This invention relates to shunt-diode safety 
barriers, such as are used for example to protect 
electrical circuits and apparatus located in haz- 
ardous areas. The safety barrier restricts the volt- 
age and current reaching these circuits and ap- 
paratus in the event of an electrical fault in the safe 
area Any sparks then arising as a result of faults in 
the hazardous area are limited to a magnitude 
which will not ignite any flammable gases, liquids 
or other materials that may be present. 

The present application is particularly con- 
cerned with the provision of overvoit protection for 
such barriers. 

Most shunt-diode safety barriers are 'fuse-pro- 
tected". As shown in the exemplary circuit of Fig. 
1. they include a fuse F. two or three chains of 
Zener or other diodes connected in shunt and a 
terminating resistor R or its equivalent. In normal 
operation the barrier passes the desired signal and 
the diodes do not conduct However, if the voltage 
applied to the barrier is too high, then the fuse F 
will blow and protect the diodes from damage. The 
diodes limit the output voltage of the barrier and 
the terminating resistor R limits the current 

Most barriers will transmit signals in either di- 
rection. Some are designed for uni-directional 
transmission. Two or more single-channel barriers 
in practice often are combined as multi-channel 
units for a particular measurement or control ap- 
plication. 

The components of a barrier, including the 
fuse, normally are encapsulated in a casting com- 
pound to meet the requirements of certifying 
authorities. Consequently, the safety barrier cannot 
be repaired. If the fuse blows, then the barrier 
becomes useless and must be replaced by another 
barrier. In addition to the cost, this has the dis- 
advantage that it causes the measurement or con- 
trol loop to stop working. 

In many applications, the circuits to which a 
safety barrier is connected in the safe area do not 
have the voltage and current capability to blow the 
fuse, and it is rare for safety barriers in this type of 
circuit to be put out of action. For example, the 
input circuits of amplifiers connected to hazardous- 
area sensors, and the output circuits of electronic 
controllers connected to hazardous-area control 
equipment, normally cannot deliver sufficient pow- 
er. 

However, there is a range of applications in 
which the fuse may be blown inadvertently during 
operation or initial installation. In most of these 
applications the barrier is connected to a power 
supply in the safe area If the power supply voltage 



is inadequately stabilised, or if the supply malfunc- 
tions or is incorrectly adjusted, it may blow the 
fuses in all the barriers to which it is connected, 
sometimes several hundred barriers. The same ef- 

s feet can be caused by voltage surges on the sup- 
ply lines when standby batteries are put on charge 
or heavy inductive loads are switched or if there 
are nearby lightning discharges. During initial in- 
stallation, fuses may be blown if the power supply 

70 is erroneously connected to a barrier channel 
which is not designed to withstand the supply 
voltage. 

Applications of this nature include the operation 
through a safety barrier of solenoid valves, alarms 

is and light-emitting diodes in a hazardous area, and 
the operation of relays or other devices in a safe 
area through a safety barrier by a switch which is 
located in a hazardous area All these examples 
require a source of power. 

20 it is not practicable in many cases to adopt the 
obvious course of choosing a safety barrier with a 
higher voltage rating, since the barrier must then 
have a higher resistance and may not transmit 
sufficient power at the normal working voltage. This 

25 is particularly the case when the safety barrier has 
to be suitable for use with circuits in hazardous 
areas where easily ignitable gases, such as hy- 
drogen, may be present 

One solution to this problem which is some- 

30 times adopted is to fit an additional fuse in series 
with the supply to each barrier, and external to it. 
However, such additional fuses occupy valuable 
space, and the cost of installing them is significant. 
Moreover, they must have lower ratings than the 

35 fuses in the safety barriers so that they blow first. 
This therefore degrades the performance of the 
loop, for example by blowing if the barrier is short- 
circuited in the hazardous area These additional 
fuses also increase the resistance of the loop. 

40 An alternative known solution is to fit a second, 
replaceable fuse on the barrier itself. This takes up 
less space and saves the user trouble, but it suf- 
fers from the same disadvantage in that it degrades 
performance. It also increases the cost and size of 
45 the barrier. 

Yet a further known solution is to make the 
only fuse in each barrier channel a replaceable 
item, with some form of "keying" to ensure re- 
placement by another fuse of the correct value, 
so Such a solution is acceptable to the certifying 
authorities in some countries, but is not acceptable 
in most countries. 

Each of these three known "solutions" has the 
major disadvantage that the measurement or con- 
trol loop will stop working if the fuse blows. 



2 



3 



EP 0 310 280 A2 



4 



It is an object of the present invention to pro- 
vide a shunt-diode safety barrier with overvolt pro- 
tection which is adapted for use with unregulated 
voltage supplies. 

it is another object of the invention to provide 
shunt-diode safety barriers to give protection to 
switches and solenoids located in hazardous areas. 

It is a further object of the invention to provide 
a shunt-diode safety barrier which is adaptable to 
either a 1 -channel or a 2-channel barrier. 

In accordance with the present invention there 
is provided a shunt-diode safety barrier arranged to 
be connected to a power supply and comprising 
shunt diode means, one or more fusible compo- 
nents, and a current-limiting circuit arranged so that 
the or at least one of the fusible components is 
protected against applied voltages greater than the 
normal maximum working voltage. 

Preferably, the safety barrier of the present 
invention is provided with thermal protection means 
to prevent the barrier components from overheating 
if excessive voltage is applied and/or if an internal 
fault develops, "mis can be achieved for example 
by the incorporation of a suitable Zener diode of 
relatively high voltage within the barrier, operating 
in conjunction with the fusible component or com- 
ponents. 

The use of a current-limiting circuit within the 
safety barrier has a number of advantages. The 
barrier is allowed to operate essentially normally 
and transmit a signal, dependent on the supply 
voltage, up to the working voltage of the barrier. 
Additionally, the current-limiting circuit protects the 
fuse against applied voltages greater than the nor- 
mal maximum working voltage. This is because the 
current-limiting circuit is normally "clamped", and 
introduces only a small voltage drop, but is ar- 
ranged to limit the current to a value which will not 
blow the fuse should the voltage applied to the 
barrier be increased above the normal maximum 
working voltage. Yet a further advantage is that the 
use of a current-limiting circuit ensures that the 
fuse will not be blown by short circuits in a haz- 
ardous area. Furthermore, current-limiting circuits 
are simple and low in cost. 

According to a preferred feature of the inven- 
tion the safety barrier includes means to protect 
the fuse against the possible application of reverse 
voltages. This can be achieved by the inclusion of 
a diode connected in series with the fuse. 

In order that the invention may be more fully 
understood, a number of embodiments of safety 
barrier in accordance with the invention will now be 
described by way of example and with reference to 
the accompanying drawings, in which: 

Rg. 1 is a schematic circuit diagram of a 
known shunt-diode safety barrier; 



Fig. 2 is a schematic circuit diagram of a 
first embodiment of safety barrier in accordance 
with the present invention; 

Rg. 3 is a schematic circuit diagram of a 
s second embodiment of safety barrier in accordance 
with the present invention; 

Rg. 4 is a schematic circuit diagram of a 
third embodiment of safety barrier in accordance 
with the invention; 
10 Rg. 5 shows one example of a current- 

limiting circuit suitable for use in the safety barriers 
of Rgs. 2. 3 and 4. 

Rg. 6 shows a second example of current- 
limiting circuit and 
rs Rg. 7 shows a third example of a suitable 

current-limiting circuit 

In the embodiment shown in Rg. 2. a solenoid 
valve, alarm, array of light-emitting diodes, etc. 10 
20 is positioned within a hazardous area and is op- 
erated through a shunt-diode safety barrier indi- 
cated generally at 12 by a switch 13. the safety 
barrier and switch being located in a safe area. The 
numerical values given in. the drawings for the 
25 various electrical components are by way of exam- 
ple only and are not to be regarded as having any 
limiting significance. The safety barrier is connect- 
ed to a power supply 15, indicated as +35V. 
maximum. As the barrier has built-in overvolt pro- 
30 tection the power supply 15 can vary over a wide 
voltage range without requiring the closely regu- 
lated power supply needed for conventional bar- 
riers. The safety barrier 12 comprises a fuse F1. a 
chain or chains of Zener or other diodes 14, and a 
35 terminating resistance R1. Connected between the 
fuse F1 and the diode chain 14 is a current-limiting 
circuit indicated generally at 16. A diode D1 is 
connected in series with the fuse F1 between the 
fuse and the current-limiting circuit 16 in order to 
40 protect the fuse against the possible application of 
reverse voltages. This is an optional feature in the 
safety barrier. With the incorporation of electronic 
circuits within a safety barrier, such as the current- 
limiting circuit 16, it is necessary to protect the 
45 barrier components from overheating if an exces- 
sive voltage is applied. This is achieved here by 
providing a suitable thermal-protection Zener diode 
D2 of relatively high voltage within the safety bar- 
rier between the fuse F1 and the current-limiting 

so circuit 16. 

The current-limiting circuit 16 is normally 
•clamped", and introduces only a small voltage 
drop, but is arranged to limit the current to a value 
which will not blow the fuse F1 if the voltage 

55 applied to the barrier 12 is increased above the 
normal maximum working voltage. It is an impor- 
tant feature of the safety barrier of the present 
invention that the current-limiting circuit 16 is posi- 
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tioned between the safety fuse Fl and the shunt- 
diode elements of the safety barrier. i.e. is provided 
at the safe area end of the safety barrier. 

In a modified version of the safety barrier 
shown in Fig. 2 a second fuse can be included, 
connected in series with the current-limiting circuit 
16 on the hazardous area side thereof, between the 
circuit 16 and the shunt diodes 14. In this arrange- 
ment the thermal protection fuse F1 is used solely 
to protect Zener diode D2, and the second fuse 
protects the Zener diodes 14. Some certification 
authorities will accept this modified version without 
fuse F1 and diode D2 being fitted. 

Fig. 3 shows a second embodiment where a 
switch 20 is located within the hazardous area and 
is arranged to operate a load 22, for example a 
relay, which is within the safe area, via the safety 
barrier. Hazardous-area switches are often part of 
supervisory systems which ensure that the process 
is safe. Therefore, the paramount requirement is 
that the circuits containing them should "fail safe" 
in the event of an earth fault in the hazardous area, 
i.e. the load should become deenergised as with an 
open switch. This requires two barrier channels. 
The embodiments shown in Figs. 3 and 4 are 2- 
channel barriers with overvoltage protection. The 
one channel, connected to the power supply 
(+35V. max.), is as shown in Fig. 2 with the 
addition of the aforesaid second fuse F?. while the 
second channel, as shown in Fig. 3, comprises a 
resistor R2. a series of two or three low-power 
Zener diodes 24 connected in shunt and a fuse 
F3. A series of two or three conventional diodes D3 
are provided between the shunt diodes 24 and the 
fuse F3 to serve as a diode-return barrier. Alter- 
natively, the second channel could be as shown in 
Fig. 4. Here the second channel comprises resistor 
R2. a series of two or three Zener diodes 24 
connected in shunt and a fuse F3. A series of two 
or three conventional or Schottky diodes D3 are 
provided at a hazardous area end of this second 
channel. 

Rgs. 5 to 7 show three examples of current- 
limiting circuit which can be used as the circuit 16 
in Figs. 2, 3 and 4. In each of these Figures the 
thermal protection Zener diode D2 is also shown, 
together with the fuse F1, although neither compo- 
nent is part of the current-limiting circuit itself. The 
current-limiting circuit shown in Fig. 5 comprises 
first and second transistors T1 and T2. a resistor 
R3 in series with the base of transistor T1 and a 
resistor R4 connected between the fuse Fl and the 
emitter of transistor T1. This circuit has a low 
series voltage drop when clamped. It draws a small 
current in shunt which is not significant for most 
applications. 

The circuit shown in Fig. 6 comprises transis- 
tors T3 and T4. and associated resistors R5 and 



R6. This circuit draws no shunt current but has a 
greater series voltage drop. 

The circuit shown in Fig. 7 provides voltage 
regulation in addition, such that the current does 

s not suddenly rise to the limiting value when the 
supply voltage exceeds the normal working voltage 
of the barrier. This eases the power supply require- 
ment for a system having many barriers. The * 
current-limiting circuit comes into play in practice 

io only if the output of the barrier is shorted. This 
circuit comprises three transistors T5, T6 and T7 
with associated resistors R7 to R10 and a Zener 
diode D4 connected to the emitter of transistor T7. 

is 

Claims 

1. A shunt-diode safety barrier (12) arranged, to 
be connected to a power supply and comprising 

20 shunt diode means (14; 24), and one or more 
fusible components (Fl; F2; F3). characterised by 
a current-limiting circuit (16) arranged so that the or 
at least one of the fusible components (Fl: F2; F3) 
is protected against applied voltages greater than 

25 the normal maximum working voltage. 

2. A safety barrier according to claim 1. 
characterised by having a single fuse (Fl). said 
fuse (Fl) being connected between the current- 
<iimiting circuit (16) and the power supply (15). 

30 3. A safety barrier according to claim 2, in 
which the current-limiting circuit (16) is connected 
between the single fuse (F1) and the shunt diode 
means (14). 

4. A safety barrier according to claim 1, 
35 characterised by two fuses (Fl. F2), one of said 

fuses (F1) being connected between the current- 
limiting circuit (16) and the power supply and the 
other of said fuses (F2) being connected between 
the current-limiting circuit (16) and the shunt diode 
40 means (14). 

5. A safety barrier according to any preceding 
claim, characterised by thermal protection means 
(D2) to prevent the barrier components from over- 
heating. 

45 6. A safety barrier according to claim 5, 
characterised in that the thermal protection means 
comprises a Zener diode (D2) within the barrier. \ 

7. A safety barrier according to any preceding 
claim, which is a 1 -channel barrier (12) arranged to 

so be connected to a solenoid, alarm or LEDs (10) 
within a hazardous area. 

8. A safety barrier according to any of claims 1 
to 6. which is a 2-channel barrier (12) arranged to 
be connected to a switch (20) within a hazardous 

55 area. 

9. A safety barrier according to claim 8. 
characterised in that the one channel for connec- 
tion to the power supply includes the current-limit- 
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ing circuit (16), and the other channel comprises 
further shunt diode means (24), at least one fuse 
(F3), and diode means (D3) connected in series 
with said at least one fuse (F3) between said fuse 
and the hazardous-area switch (20). 5 

10. A safety barrier according to any preceding 
claim, characterised by means (D1) to protect the 
or at least one of the fusible components against 
the application of reverse voltages. 

1 1. A safety barrier according to any preceding to 
claim, characterised in that the power supply is an 
unregulated voltage supply. 

is 
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